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Abstract

Non-Hodgkin’s lymphoma (NHL) has been increasing in frequency in
the industrialized world, but the environmental and genetic factors that
contribute to susceptibility are not known. B-cell lymphomas represent a
major cause of morbidity and mortality in HIV-infected individuals. The
identification of a deletion in the CCR5 chemokine receptor gene that
alters the risk for infection and progression to AIDS led us to examine a
potential role of this gene in AIDS lymphoma. A matched case-control
analysis was performed using all eligible NHL cases in the Multicenter
AIDS Cohort Study. Patients were matched for age, study center, time
AIDS-free, and slope of the CD4 T-cell decline. The CCR5A32 allele
was found to be associated with a 3-fold lower risk of NHL among
individuals after controlling for time of infection and progression toward
AIDS. The CCR5gene was not associated with a difference in risk for
Kaposi's sarcoma, another common malignancy in AIDS patients, or
opportunistic infections. Costimulation of normal phorbol 12-myristate
13-acetate-treated B cells with the CCR5 ligand RANTES induced a
proliferative response, indicating that RANTES is a mitogen for B cells.
Taken together, these findings suggest that th€ECR5gene plays a role in
the risk of NHL in HIV-infected patients, perhaps through a mechanism
involving a decreased response of B cells to the mitogenic activity of
RANTES.

Introduction

and the average survival of patients is less than half a year after NHL
diagnosis (11). NHL is also elevated in non-HIV-infected patients
with immune suppression, suggesting that immune surveillance plays
an important role in lymphomagenesis (12).

Materials and Methods

Details of the study design and the methodology of follow-up have been
published previously (13). Clinical conditions diagnostic of AIDS (14) were
ascertained and confirmed by medical records on a continuous basis. Individ-
uals with fewer than 200 CD#4 T cells/ml who did not have another AIDS-
defining illness were not considered AIDS positive for this analysis. HIV-1
seropositivity was determined by positive ELISA and confirmed by Western
blot. T lymphocyte subset determinations were performed using standard flow
cytometric methodology (15, 16). Viral load measurements were performed
retrospectively on the repository specimens using a bDNA assay (Chiron
Corp., Emeryville, CA) and then a reverse transcription-PCR assay (Roche
Molecular Biochemicals). All viral load measurements were standardized to
the reverse transcription-PCR assay (17).

Selection of Cases and ControlsCases and controls consisted of Cauca-
sian MACS participants with known HIV-1 serostatus. Of the 169 total NHL
cases that have occurred in the MACS as of January 1997, 140 met these study
criteria; exclusions included those who were non-Caucasias (25), had
insufficient repository samples for analysis€ 2), and insufficient informa-
tion to determine the time of seroconversion because they became infected

The chemokine recePtor 5 gen€(R3 encodes a cell surface after study withdrawalr{ = 2). Controls were matched to cases by indicators
receptor for the chemokines MIRIMIP1B, MCP2, and RANTES 0N 4f Hjv-1 progression and study center at enroliment. Matching criteria de-

lymphocytes and macrophages, and it also serves as a coreceptopdatied on whether NHL was the initial AIDS diagnosis for the case and on the
HIV-1 (1, 2). A 32-bp deletion in this gene, term&CR5A32, is  time from seroconversion to AIDS. Participants who developed lymphoma
common in Caucasians and prevents the expression of the receptosutisequent to another AIDS diagnosis were matched to controls by initial
cell surfaces (3-5). The presence of this allele confers a high levelAdPS outcome and year of initial AIDS diagnosis (within 1 year). In addition,

protection against HIV-1 infection in homozygous individuals and &€ control had to be lymphoma free for at least the same time as the case.
delayed progression to AIDS in heterozygotes (3-9). Controls for HIV-1 seroconverters who presented with NHL as their initial

B-cell NHLS? e highiy elevated in patients infected with HIV andb, 72 RN S0 8iee. 0 e ceroprevalen
account for a significant fraction of HIV-related morbidity and mor rticipants who presented with NHL as their initial AIDS diagnosis were

tality (10). These lymphomas are particularly resistant to treatmeﬁ?atched with controls by time from study entry to AIDS (at least as long as the

case) and CD#4 cell count (within 50 cellgkl) at the third study visit. This

latter requirement was to account for the time from infection to study entry

charges. This article must therefore be hereby masgdrtisemenin accordance with BBcause CD4 Ce.” counts n treatment-nalvg pa.rtICIpants were shown to be a

18 U.S.C. Section 1734 solely to indicate this fact. good marker for time since seroconver;mn in this cohort (18). One control Was
1 Funded in whole or in part with federal funds from the National Cancer Institutéandomly selected from the matched risk set for each case whenever possible.

NIH, under Contract NO1-CO-56000. Authors participated in the following studiesThis matching process resulted in 95 pairs.

Multicenter AIDS Cohort Study, J. B. M.; Multicenter Hemophilia Cohort Study and D.C. PP : ; ; P

Gay Study, J. J. G.; San Francisco City Cohort,S. B.; Hemophilia Growth and Develo _To assess the specificity of theCRS 'relatl.onshlp with NHL, similar

ment Study, E. G.; and AIDS Link to Intravenous Experience, D. V. ase-control analyses were perform(?d using dlffere.nt A'DS outcomelsS{
2To whom requests for reprints should be addressed. Phone: (301) 846-1296; Kax:.CMV; (c) MAC; and d) PCP. In brief, the same criteria used for NHL were

(301) 846-1686; E-mail: obrien@mail.ncifcrf.gov. ) used to select cases and controls for the other comparisons with two additions.
3The abbreviations used are: NHL, non-Hodgkin's lymphoma; MACS, Multicent

AIDS Cohort Study; PMA, phorbol 12-myristate 13-acetate; KS, Kaposi's sarcoma; ngpgr MAC, cases and contrpls were restricted to thos.e who develloped AID_S
Pneumocystis carinppneumonia; MACMycobacterium aviunsomplex; OR, odds ratio; before January 1993, the time when MAC prophylaxis became widely avail-
CNS, central nervous system; Cl, confidence interval; CMV, cytomegalovirus. able. For PCP, cases and controls were restricted to those who developed AIDS
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before January 1990, the time when PCP prophylaxis became widely used in Table 1 Demographic and clinical characteristics of the cases and controls
the cohort.

e ) ) o Cases Controls
Statistical Analyses. Data analysis was performed using SAS statistical Characteristic (n = 95) (n = 95)
softwar(_a (SAS Institute, Cary,‘ NC). Matched QRS (an e‘st_imate of re_Iative risk) - average age (yrs) at study entry 34.1 31.3

and their 95% ClIs were obtained from conditional logistic regression models Center at enroliment
using the discrete logistic model of the PHREG procedure in SAS. The effects ~ Baltimore 24 23
of covariates such as CD4 slope aB€R2and CCR5 promoter polymot- gﬂggﬂfgh 2(23 Zg
phisms were also investigated in muIt_ivariate conditional logistic models. _CD4 Los Angeles 43 44
slope was calculated as the change in the number of cells/6 months using all Median time (yrs) free from AIDS 6.9 7.5
available CD4 measurements since the third visit for seroprevalent men and Median CD4 slope (cellsl/semester) —39.9 —-317
since the third positive visit for seroconverters. All repordare two-sided. Median date of first AIDS diagnosis 90.2 90.4
: . . i . Presenting AIDS diagnosis

B-Cell Isolation and Stimulation. B cells were purified from the periph- NHL 38 0
eral blood mononuclear cells of normal leukaphoresis donors under NIH KS 14 19
guidelines. B cells were isolated using the Milteny Biotec (Auburn, CA) B-cell pCcP 26 33
isolation kit. This negative selection procedure was used to limit prior stimu- ES“ﬁJ\ghd;ZZZfian didiasis 45 5 5
lation of the isol_ated cells. The‘ purified cells were 95% CD1_9 positive by Other opportunistic infection 1 6
fluorescence-activated cell sorting. The cells were cultured in RPMI 1640 HIV dementia 0 3
containing penicillin-streptomycin, 10% fetal bovine serum, arglutamine Wasting syndrome 1 4

Multiple diagnose% 4 3

at 1 X 10° cells/well in a 96-well plate. The concentration of human RANTES

(Peprotech) and PMA (Sigma) was varied, with each condition being per-adT(;‘_e c_ong_ititonsl occu_rringdczl)jrzjcgmitantt_ly amorgig the Caze;évsfe ﬁsca’\f)ls Zsophageald
fgrmed ih .triplicate. After 72 h of culture in a hum.idified Q@ﬁcubgtpr, (Ié’aCnP.l ‘II'E\:il)Sé:oftrnga;?gsS;?eTJ with Ié’évssalr?c? I?én a:r?t;n gnzncontrol’ ;rr;zsented V\lﬁﬁacsaenzirj
[*H]thymidine was added, and the culture was continued for 4 additional fjasis and PCP.

The cells were harvested, and the incorporated radiolabel was measured by
scintillation counting.

Results the 5622 participants, 2195 were HIV-1 seropositive at entry into the
study (seroprevalent), and 556 seroconverted to HIV-1 (seroconvert-
ers) during study follow-up. Men younger than 18 years and those
C}gith a prior AIDS diagnosis were ineligible. The men were followed

To ascertain whether thECR5A32 allele differentially affects
specific AIDS outcomes, we determined the frequency ofGRER5
+/A32 genotype in Caucasian AIDS patients from our original stu
(5) according to AIDS-defining illness. The overall frequency OLollection of specimens for concomitant laboratory testing and storage

04 | 1 -
CCRS5+/A32 heterozygotes was 17% in 647 Caucasian AIDS p%‘%ocal and national repositories. More frequent contact with AIDS

tients, and this frequency was nearly identical in subsets diagnosed. . L
: . . o . _patients and passive follow-up methods were used to capture clinical
with KS, pneumocystis pneumonia, or other opportunistic infections; : . .
. vents comprehensively. A review of medical records was used to
However, only 8.5% of 52 lymphoma patients were heterozygous for " .
’ confirm reports.
CCR5A32 (Fig. 1). - . .
i . Characteristics of the NHL cases and matched controls are given in
A case-control study nested within the MACS cohort was deSIan‘%ble 1. The two groups were similar with respect to age and marker
to estimate the effect of th€ECR5+/A32 genotype on the risk of ' group P 9

NHL. MACS is a prospective study of the natural history of Hlv_lfordlsease progression. In addition, the number of €O4cells (460

infection among homosexual and bisexual men in the United Sta%rl:d 446 for cases and controls, respectively) at visit 3 were similar for

(13, 19). From April 1984 to March 1985, 4954 men were enrolled | ase-control pairs that matched this criteria. It has previously been
fou; métropolitan areas (Baltimore Ch,icago Pittsburgh, and fbown that neither sexual activity nor history of infection, other than
Angeles). An additional 668 men were later recruited to increaEeBV‘ s assoclated with lymphoma in this cohort (13). Because

minority enrollment and the number of seroconverters in the study. SFR>A32 is virtually absent in non-Caucasians, only Caucasians
were included in the analysis. Of 140 eligible NHL cases, 95 were

eligible to be matched by indicators of HIV-1 progression and study
center. These included 2 seronegative subjects, 85 seroprevalent sub-

y semiannual visits with interviews, physical examinations, and

0-25 jects (HIV-1 seropositive at entry), and 8 HIV-1 seroconverter sub-
$ 0.20+ 319 406 jects. . .
8 626 370 564 533 835 The frequenues oECR5heterozygosity +/A32) were 9.5% and
AL 0151 — — 23.2% in the MACS matched cases and controls, respectively. Of the
Ec’ : 25 case-control pairs discordant f6BCR5genotype, 19 consisted of
Q * discordantCCR5+/+ NHL cases andCCR5+/A32 controls. Con-
Q_ 0.10¢ 161 ditional logistic regression analysis showed an OR of 0.32 (95% ClI,
g 0.13-0.79;P = 0.01), indicating thatCCR5heterozygosity is asso-
o 005} ciated with approximately a 3-fold reduced risk of lymphoma in this

cohort.
0.00 -——=7 — — — The lymphoma cases were divided into two groups based on
e @ © ©O e g E E lymphoma type (disseminated or brain/CNS) to test whether the effect
. o - of CCR5was type specific. The OR indicated that tBER5-+/A32

Fig. 1. Frequency of th€CR5\32/+ genotype among different AIDS outcomes. Thegenotype was protective for both the 61 disseminated lymphoma cases

frequency of theCCR5\32/+ genotype is shown for Caucasian AIDS patients in th — . 0 _ — ;
MACS, Multicenter Hemophilia Cohort Study, Hemophilia Growth and DevelopmemOR 0.27; 95% Cl, 0.08-0.98 0.05) and the 32 brain/CNS

Study, San Francisco City Cohort, and AIDS Link to Intravenous Experience cohorts whaSes (OR= 0.38; 95% Cl, 0.10-1.4F = 0.15), although statistical
have (+) or do not have {) specific AIDS outcomes. Descriptions of these cohorts haveignificance was reached only in the former. There were two NHL
been published previously (5RI, opportunistic infectiont.YM, lymphoma.Numberson . ; . . . .
top of barsrepresent sample numbers, and #iséeriskrefers to a statistically significant cases for whom anatomical SItPT at. t.he t'mg of dl&gﬂQSIS was unavail-
value 2 = 7.3; P = 0.007). able. These data reveal no significant difference in the effect by
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lymphoma subtype, although the brain/CNS lymphoma type should be 5500

re-evaluated with a larger sample size. r ]
CD4 slope and visit 3 HIV-1 RNA level (log transformed) were 3 [0 medium ]
added as covariates in the conditional logistic regression analysis to 2000 - N RANTES 100 ng/ml Y 7
further test and control for any residual confounding by HIV-1 disease - ] RANTES1000 ng/mi ]
progression. CD4 slope was not found to be a significant variable oo PMA E
(OR = 1.00;P = 0.42), but RNA level was significantly associated _ - PMA-RANTES 100 ng/ml 1
. | - f1  PMA+RANTES 1000 ng/ml .
with NHL (OR = 3.01;P = 0.02). The adjusted OR for th@CR5+/ & - :
A32genotype was similar to that derived from the unadjusted analysis 1000 |- ]
(OR = 0.30; 95% CI, 0.10—0.93 = 0.04). The frequency acECR5 - ]
heterozygosity in the unmatched cases was similar to that of the 500 _ B
matched cases (11.1%&rsus9.5%, respectively). The lack of signif- - N8 .
icant difference between these groups indicates that the matched cases L i ( o ]
are representative of all of the NHL cases in the MACS; therefore, the 0 L= N7 VA
results are generalizable to this population. 0 10710 10° 108
The significance of theCCR5A32 effect on AIDS lymphoma is PMA concentration (M)

underscored by its specificity. Using similar case-control approaCheSFig. 2. B-cell proliferation induced by PMA and RANTES. Purified human peripheral
this allele had no apparent effect on the development of other comn®eells were stimulated with RANTES and/or PMA. The induced increase in proliferation
AIDS outcomes including KS (OF& 0.97: 95% CI. 0.60-1 57) was measured byH]thymidine incorporation. Each point was repeated in triplicate with

. . 9 o oo 77 Jess than a 5% SE/data point. This is a representative graph with some variation observed
MAC |nfeCt|0n (OR = 122, 95% Cl, 051—295), CMV InfeCtlon between donors (data not Shown)_
(OR = 1.14; 95% CI, 0.64-2.01), and PCP (GR0.90; 95% ClI,
0.37-2.22). ) ) ) o

An allele of the chemokine receptor 2 gene characterized byt meéchanism c€CRSA32protection against lymphomais likely to

single missense mutatiorGCR2—64l,is associated with delayed INvolve reduced cell surface expression of CCRS.
progression to AIDS in HIV-positive individuals at a level similar to 't iS Well documented that progression toward AIDSI®R5A32
that of CCR5A32 (20, 21). Additionally, a specific genotype of theheterozygous |r_1d|V|duals is delaygd, and it follows that develppment
CCRS5promoter region is associated with accelerated progressiondoH!V-related immune suppression may also be retarded in these
AIDS (22). These variants were typed in the lymphoma cases dfgividuals. Immune suppression is associated with lymphoma in
controls, and after controlling foECR5A32 genotype, the ORs of HIV-negative individuals, suggesting that defective immune surveil-
0.93 (95'% Cl, 0.43-2.01) foECR2—64land 1.75 (95'% Cl. 0.89— lance plays arole in the development of NHL (12, 25). We controlled
3.42) for the promoter genotype were determined, indicating no effd@f Severity of AIDS in the case and control selection criteria, but the
of these loci on the development of lymphoma. The effect of tHextent and persistence of immune surveillance are difficult to quantify

CCR5-+/A32 genotype on NHL remained significant after the inclu-f"‘nd hence to control. Thus, it will be important to repeat our analysis

sion of these other genotypes. in a larger sample of lymphoma subjects who are HIV negative and
NHL is a B-cell lymphoma, but HIV predominantly targets T Ce"émmune competent to determine whet@&R5A32is also protective

and cells of the monocyte/macrophage lineage. Because CCRgNE€ absence of HIV infection and immune suppression. o
expressed on B cells, we investigated the response to the CCR@CRS IS eXPre,SS‘”' On B ceIIs. and P'aYS a role in recruiting
ligands as a first step in understanding how CCR5 might reguld?é‘kocytes to regions of inflammation and tissue damage (26, 27).

NHL induction. Whereas RANTES alone had little effect on B_CellMuIIer et al.(28) reported that RANTES serum levels are increased in
proliferation, the inclusion of 10° M PMA and 100 ng/ml RANTES HIV-1-infected individuals. In this study, we observed that RANTES

led to a 5-fold increase in B-cell proliferation compared to the incl fugments the proliferation of B cells. A reduced response to mitogenic

sion of PMA alone (Fig. 2). The inclusion of 1000 ng/ml I-4\,A,\l-|-ESstimulation by RANTES could provide a basis for the lower frequency

which is known to induce T-cell proliferation, did not have a costimuQf lymphoma cases in individuals heterozygous for €ERSA32

latory effect on the PMA response of B cells (23). This synergistﬁ”e'e' Additional studle_s t_o_ determine the level of response to
response to RANTES and PMA in B cells is distinctive from the dire@ANTES by ce_lls from |_n_d|V|duaIs heterozygous fOCRSA32/+

T-cell mitogenic effect of RANTES. No costimulatory effect wad"ay address this possmll_lty. . ) )

observed with MIP& or MIP18. MCP-2 and lower concentrations of Cancers are complex diseases involving both environmental agents

RANTES were not tested. SDF-1 also did not stimulate the prolife?-nd host genetic factors. Tumor incidence in AIDS NHL is associated

ation of these cells, and pokeweed, a B-cell mitogen, providedf’v.th clonal integration of the EBV genome (10). Among HIV-1-

modest stimulation, consistent with the fact that these are maturé cted individuals, NHL is considerably more common in males and

cells. We conclude that stimulation through the CCR5 receptor cg'n(?lso more t:equenttln Caufca5|ant§ tha(;l n pther raf[ulal gtroup_s,
play a role in the growth control of B lymphocytes. underscoring the importance of genetic and environmental factors in

this disease (25). If the relationship between CCR5 and NHL is
confirmed, then antiretroviral therapies directed toward CCR5 that are
currently being developed (29) could have applications toward NHL

Results presented in this study indicate that individuals havingaa Well. In a similar vein, genetic variants affecting the expression of
single copy of theCCR5A32 allele are protected against AIDS-CCR5 chemokine ligands should also be examined in the context of
related lymphoma. ThECR5A32 allele encodes a truncated productymphomagenesis.
that is not expressed on the cell surface (3) but remains in tRIet Added in Proof
endoplasmic reticulum. CCRA32 molecules are capable of forming ote edn Froo
heterocomplexes with normal CCRS in heterozygous individuals rabkin et al. recently published (Blood93: 1838-1842, 1999) that the
(CCR5432/+), retaining normal CCR5 molecules in the endoplasmicCR5A32 allele is protective for AIDS lymphoma, supporting the findings
reticulum and reducing cell surface expression of CCR5 (24). Thuysesented here.
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